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(54) SOURCE CLOCK SYNCHRONOUS MEMORY SYSTEM AND MEMORY UNIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a source clock 
synchronous memory system in which a data capacity 
can be made large, and mounting density can be made 
efficient. 

SOLUTION: In this source clock synchronous memory 
system, a memory unit is provided with a memory riser 
substrate B1 attached to a connector CI on a base 
substrate BB on which plural memory modules 10 are 
mounted on one side, memory riser substrate B2 
attached to a connector C2 on which plural memory 
modules 10 are mounted on the other side so as to be 
opposed to the memory riser substrate B1, and 
connector C3 for connecting the substrates for 
connecting signal lines on the memory substrate B1 with 
the corresponding signal lines on the memory riser 
substrate B2. 
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(2) 

1 

tt$*ifc#HR0;< -=e y ^e^*— > y 3-= 
h<b£<t^fcy-*^ n ^R»i^9WUk 

Huis/^y y m*. ^s^jio^ i o^^^ ^ 

So^^ey A>«r**Uill5 2©**y 9-f IfS 

•Sixfe^-ty^^a-ybtiwRgittsn, &wc, s 20 

BJiB»l03-*^^Sr^sSgi(^^^-y 7>f If* 40 

*5«fctfjB l o^^^^^U, nass^-ty^^s/ . 
oMHTi^^^ey ^i/^.— /^c^-^^n, -?:<£>— *\ ml 

12^ *y = y h n - 7 «t 5 Ktc 

<t Sr^tS <b 14^13 Ofaft^- 3Strf5«(7) 

y-*^ p 7^TO^y^fA 0 50 
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2 

sttfc^^y 7>r ifas*3itm^*y 7>r 
©$ttfc«^co>^E-y ^-^n.— fr&^-t&t^y =±^y 

U 

mjfe^^ey =iv hp — 7t)*b<o* tuyt^ 7 y\s?« 

y^^zr-zuimi^s^stb, 'p&< ti>mwr 

^ p y^^si^^y^f^ 

y 7<*y : mwL<Dmm\z.xm&ifei&£ti. ^o. mm?* 

si^lE^oy-^^ p y^i^»a^*y v-^^a 0 

J H(rfB^py^«^J:^HuiaT K^o 
•^>KM ^*y 9^f1f*«co«ffi^-c»^»iHSJx 

fluiE^^y = v h p— 9frb<D7*— Bfria^^r 

p ^W^.y^n c 
[fS*«9] -<-^ss±{c@ag^ttfc^^-y =yf 

$tL/c^^ey 7>f 1fS«*5<tt/SE^*y 7-fifSffi^^ 
ffi£titzfe&<n**:y ^•v^zx— /uSr^r-f s^^ty jx =2y 
h £ ^ffixfc y— p y ^ ihkb^;^ y y^fAt'fe 



3 

Huffily = V h n — 7^b(D, ^o^iR. 7K^ 
fiuie^ y 5 >f if Sgoifficii SJxfc^y^a. 

h p — ^^cfc 9ffl#P£*L<5>W y ± t/B9I2 = ^ ^ 
^tt, ^^y ^> hP-7iSMSii5J: 5 leflf 

o] '^-^atiRi^Eitsjxfcy^y 

hp— 7<t, mrf5^<-^S*R±^, = ***8:;frLTffi 

tt^ti, ^(OflS^ISSo^^y ^v^ — /u«rJS« 

Lfc^ltfM^-y v>fif£«4:. -<-;*g«_h(£>® 2<z> 
3*^*KE9f+^6*t, ffi!B»ia>*-=ey 

y j e^^-^S:*«Lfc*2©^*y ffl 

is® i (o^^y ifs«±<off^i:B&ia® 20^ 

^> KJft*5J:W7*— #HS:*6«*lfc*s. IS 1 co^^ 
h G 

1] ^-*S«±fcE«*ixfc**y ra> 

BS*Lfc**y 9>flF®K*3.fca«>-*y 

$ ft fc^g^w y a. — £ 5 ^ * y 3. ~ 

ft, *o«ffi*5«tt/Sffiic SSW^y^-^a^ /US: 
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k hmZ7*-?m*K wiU = *?? k(Dtii<D&£Az 

1 2 ] f9*fi 1 0 *fctt 1 l dffitttfMSStf) 
^^y^7 Ft, ^SffiiCEIJtit^y^ 
> ho — 7(^:5:1^ 

milE^^y hn — ^frbo?? o 7Ku^« 

10 ^^y^-5, K^*^*y*^a-/McnB*»«six 
y^L-j/ h^t^to^^y^^^- /Mcg&gg^ft, 

^^D«^P],w^y^fA 0 
im&m 1 3 ] »#js lotfcttn «-!E«©fi»o 
**y«:?H:, -<-^««±^iBK$tLfcp<*y 3 

20 ft'fcot, BJie^^ey hn— 7^p>^ffl^i^s^ 
Biiia^^y ho— 7^e>^t^-j»S:^ fprtr,^^ 
^•-y hoift^igtt^i ico^-r flutes 

— ^Sffi±^iBB$ttfc®2 0^>r yftfcot, miSS 

^^ynyhp^-^^PjOff^^ fpJtt^^CO^-^^/ h 

^b^m.^Sr. ^^y=>yhn-7-0)flfiSt«i 

^^y^-^^ h^o^^ey Mzrf^ ^^s#iA 
3w^tfcot, ^^y^yhp-7(a-5 

W«P^£^# % BuSe^^y hn — 7^bOft^«t 
^^c^tLfc^^, HfFfa®2<^^^ y^^>fi® 3W>f 

40 $ib{-. Buifi^-^y ^> h p— 7flns:^>r>r > 

IfS*« 1 6 ] mmg 1 1 jcie^o^ * y 3-- > h 
^^ey^-5/ b±<Dim^&k&&Mi-Z>=i*? 

50 7j^m&L<Dm&Mmzm&-rz$:rtni:m-fz> 
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[0 00 1] 
[0 00 2] 

lV£&<D&Wf] IEEEP1596.4(SyncLink)^Hm-r-5fc*!> 
t-, «««La^S^iKiS^^y ^f^i: LT, RamLin 
k#*£§^£tlT^<5 (SyncLink A Proposal for an Imple 
mentation of IEEE P1596. 4 "Ramlink" Optimized for 
small (single board) Memory System March 23, 199 
5) 0 Ztll± s '<> K(Si: LT 5 0 0MByte/ s C^JiSrH 

*£*L-C1^3 0 r*Lb<Z>5*>. (t^ 3 y4) <D#® 

[0 0 0 3] .C0>4MfcU:*5l-*T«:, ^^ey^>^^Af±, 

H 1 6&V>L 1 8 ®<DD R AM (Dynamic Ramdora Aces 
ess Memory) £ frfc * y % ^ a. --/U 1 0 — 0 ft 

V^L 1 0 ~ 7 £{Sx.-C^£ 0 ^^^y^^^/H^f 
£*LfcDR AMfi, SDR AM (Synchronous Dynamic R 
aradora Accsess Memory) (Dj: 9fC % ^n^/^ f£>fl- LT> 

SDR AMI*. 7t £ ¥fffi¥- 5-120114 

[000 4 ] y^v?^-/Ht 121 <£ 5 
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[0 0 0 5] El 2 0^-f J: 51-. ^XffiB B±[c 
te, /^yayhp-^ioo^Sttbn, «-^>?zr— 

/H 0-0iV^10-7lt ^!)3>|.d-710 
0 £ . ^ P ^ (CLK) jBU TK^ (Address) ite, 7*—* 
(Data)itex iSXTf, C S (Chip Select), R A S (Row Ad 
dress Strobe), CAS (Column Address Strobe) f£ E<0 
10 Mffllfc&ft^XmmZtlX^Zo 

[0 0 0 6] "r — f&S 311. ^v?o.-;H 0-0& 

^> i o ot:l^ y >^S^^^^figLrv> 

So Lfc/$>oT. ^^y€i/a-;H0-0?iV^tl0 
- 7 0fpr^^P>gg^ttJ$ttfe^-^^ U^tfccDjff!) 

iSL^r^r, ^y i o oiceas$ixs 0 

x-^iteS 3(D%m. <097^—*\^ *f—$ 

*^ites lssitfr Ku^ • Kites 2 iracKft 

20 oTl^£o 

[0 0 0 7] ioj:5l:a^SW^^y ; ev f a-/n 
O-O&V^Ll 0-7^5j:t^^^y ^ > 00 
|£*5i^T\ {5r*Lri>G0^ y ^y^-/u±(ODRAM}:r 

^ite.S 3Sr^U-C*#iitf<#^— ^^-y^e 

[0 00 8] ±JJLfcJ:5K, ^o^USl, 7F> 
30 * • Kites 2*5^^— ^i»S 30>Kite J SM'>'* 

0 0ri>b wftb^LTfoS^y ^E-v^— 

(Dtztb^ ?*vfm^ 7K^fi^ Mfl^J:^ 

^•y ^-vf^— /wc^^btt. 3fM<D>^y ^-v 5 ^— /u_h 

40 -r> mc*<< ^ >fizx, ^^y=iyhn^7ioo^ 

[0 0 0 9] ^7t, |g 2 1 ic^i- J; p {r, -<-^SffiB 

BB^HuSlcffi^i-Sc^lci: 9, ^-^SffiBBCE 
50 «>*y * tltttLT, J: 9^ 
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[0 0 10] 

m^x r> i oo^y Sfctf^^y^ 

[0012] $fc, ^^y=iyhD-7ll 

[0013] 02 ltcjo^x. ^^y^yfp 

—7 i o ot*t>mt)&fhtL# o ^ ^jH % r • ^-^ 

^^y^^-yu 10-14^110-7 M5I#Ie] Lfc 
£e>l^ a.*^#C0-l*5J:i;C0-2«:^L 

~C> ^^y^^a^/Ul 0-8^V^l 0-1 5C?|# 
f-^M^^y^yho-ylOOCIti 
y >^ h#p^t»rtt«r b\c& 9, 10^ 

^y 9-<1fWR«:5l#»< 3*^^C0OSS«^36 
[0014] «p^(7)iWfl i/<y^^^^f-^ 

[0 0 1 5] *»W<7?<BloaWtt. F p 77 

[0 0 16] *3BW©S&fcte(oaWtt % «ifc<7) 

^^y 7-f 1fSffiS:»JRUTy >^ h#Dv^— Sr^pj 

[0 0 17] 
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«fc «t xm * * y v >f if SffiKIt® $ *i/c«gc<£> ^^y 
p^^isi^^y^fAT'fcot, mjie^^y^-— 

*U -^tf)— ^■OfflO^aco^^ey ^-v*^— /uSr^^L^: 
H^^ey ^>fifS>te<b, -<-^£«±^^ 2 cr> n-* 

l^fe-frteifcS cfc 5K> ^rcofflltc«»o^-=ey 
10 v ? a^iiU:!2^^y 7-YlfX«i:, B&iBSg 
KD^^E-y 7^ifSS±^m^<tBuIB^2^^-=ey 9 
^1f£«Jto»]fti-5«*R£&, *JxW«K-#-«ai5 

*«:Wu fitria^^y 3> 

^^Mf?-i?)\ ffifia«lco=i^^^S:^LT, HufS^ 
l^^^y 7>f 1fSS{c»tt$tbfc^*y *^a-;ut 

3/ * n^wst* * y y a t J: «9 s jx a o 

[0018] **M^J:ixtf % .*sagttffl3*^^l-J: 

U r.*urj;tK ^^y.^^ifSte^i^^^ii^^itS 
r.£#<. l^^^fcTtO^^^y^S^it^r^itSr. 

[0 0 19] 7Kl/^' ^> K8^ % lffi8E»2<£>*^- 

30 fiufS^2^=i^^^^^LT, ^^-y^y 

[0 0 2 0] L^*l£ffi«^*3V^TJi, $ 

fB^^y ay hD^7^6©r-?»^ mjfS^lt7>^ 
^ ^ ^ ^r^-T ^Si^^^y?^ If X-tfM cot^- ^ 
j^te, l2(0=i^^^S:^S20^^y ifS 

milS^^ey^.^3/ h^cofsrtt^cD^^y 

[0021] r^iteiiifiijctntf, ^-fy^srejo» 
50 ^^y hu~?\£&ifc£titzm-<Dm^m&4r-tz> 
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[0 0 2 2] Sfc, *38W©B»lt *«R±fclB 
= ***&#LTE«£ixfc>-=ey 9 -Y 1f«R*5 J: OW 

»*L^7<-=ey 7-rifs«S'*rL, mia^y ="> hn 
^^y?^ if S^co^® $ ttfc ^ * y ^ zj. — 

^^y hP-9i:g^$;ft,5 J; 

[0023] t<Dmm\££ti&. 7>r ifsisos 

»£*<=ey ^^a.— /uSriBKU If ^^ey?^ 
if StSO*ffi^e>HteS:^ LTlBI^ItS«t 5 t-fco 

fc<* ^y 9^ if Si* 5 r <hr 

[0 0 2 4] *58WoaiJ©*ttHB«^*5V^Tf±, * 
«ffi±K, a^^^Sr^LTEBSlxfc^^y 9Wif& 

«*j j: t/s*> * y 9 *f if ssk** s tnt&&<D * * y 

p y.^BUBSW^ey v'^^AKiifc^T, fftiE^^y 

ft $ Jxfc ^ y — /> i ffl&sygg $ Jx. a>o. mils 
t*— Hufa^^^^fcit/mfa^^ey =i> Hp — 

a.— /P4rld&«g|ES*L5tifc^ mffe^-^y = > ha 

LT, = >hP-9£«M£ft5J:5K«J&£ft 

[0025] 53u<^jufia*ib&<5£* -<-^ste± 
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3*^^S:^LrEfi*ixfc7«*y 7>fifS«*5«t 

tm^y^ if $ ttfcmo ^y^^a 

fc^ico^y y^^mWLt, ^<-xm&±<Dm 2 co=i 

W**fc*l::fc*J;5fc, ^o-^offlijtca^cco^^y 
10 *^a-yuS:**L*:JB2<z>^*y 9>f1f*«4:. huIS 
giW^ey 7>fifSffi±<^ff^i:mriem2 0^^ey 
9>f 1fS.«±^»jcE-r.sm^-»4:fi:. ^tmtimttZ 

«^»«*^fc7«*y*^zx— /ui«&S!tt$jx, 

^/^< £ tmffa-r — ^^5, ^2co^^^ ^ £<^^ 
20 ££T*jgTJ<5 J: 9lc«fig$tLTt>§ 0 

[0 0 2 6] jSVMi. ^-ty ^.^y hf^ 

^ctl^Sffitr. It^^^y^ya-z^MLt^^ 
y^^ifS^^^L, ?oy^ 7K^-3^yK 

b fiufS^ y 9 -f if S4Eo*ffijc*5« $ tt/c 

7>flfS«oM»S:er, -to»ffi^**Sixfc^^y 

[0 0 2 7] *»W(DSiJ©HJ(6ffi«^*5V^-Ctt, v-^ 

^y^^i, -<-^S®_h^gdg^tb/c^-ey =i> 
^-7^^!^ H5ta>^y ^> h d — 9t!)^co^ p 

3^^^^b^y^yho#^y^a' 
u H9sa«»<o^*y^=y h^o^^rtD^^ey^-^ 

[0028] ^(ommmmcxti^ m^^-ev^^ 
[oo29] *Kw<nwi<Dmmmm\zis^T^ 

50 y^yhP-7^ ^SS±JrffiS$tt3t^l<o^ 
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-/ h^btfMf-^iBIS:, ^^>Fd-7 ^com^-Bi t 

[oo3o] z<Dmmmmz&ni<£ s si.^ytio 

[0 0 3 1 ] Sfc, ibKij* L^jgiMlflH:: 

^^T'fcot, Suie^^ey =1 v h a— ^twJ:6$J#PK: 

[0032] s tuiff* Lv*3a6««t:::m*T 

\c % ffiffE^y 3^ hn — ^<RiJ£^>f >t°— 
[0 0 3 3] *ffi*5j:uc»ffi^^-=ey*^-/u 

^ss^e>H«sasJtp*"C3it/5» 1 B5ie- 

*^y 9>f-!f«K3»«#iS«Joi#fcfi, Suf5^i^t°> 
fc < t^2©tVi^«lt > r.tbteJ;?K Buffi- o 

^^♦^ft/c <!r ^liii, Utiles l fnife^^- 

iifcl^ ^2cot°>t x mffS^y 7^fS«(7)l® 40 

[0 0 3 4] rcO«t5»w=i^^^S:«rt-J-5-t^ < t 

©E»t^J: 9 y ^ htf n i^— i*»*RTtBfcft*. 
[0 0 3 5] 

M^**^«8^o*»a^ttW«rai*.S. lilt * 
^*^*<D04R«:*im El 2 14, mio^jg^ 
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n y^^t^7At-fe5c 

[0 0 3 6] El 1 tC*5^T, B21iB Cmf8L»&\Z 
J4, HCS^ftl, H2^*5V^-C. 0 2O£rl^D«rit 

Z<Dy — X? a y^mm^ ^ey v"*-r-M4. 
O^-ey ^-flFS&B 2 »l<E>**-y 9^ IfStRB 

itS2w^y7^ if mm b 2 $rgtt ^ mm&mm 

-<-^lSB B Jttcf4, ^^ey^>hu — 7100 

jkbike:. mm<Dmmx\ Tk^faK^o^y*- 

10—1 11 0-7 ^e<o— 

[oo3 7] *^i&cnftm^frfrz>y<-x? a y?mm 
*o<^-y v'^AKTffiffl^axs^y -tv^— /n o 
- i u i o - 1 5 -etL-eix, mmma*±m-x~ 

^ ^E- y ^v^a-/!/ 1 0-1^1^11 0 — 7fi s 

0l^c^ov^T. &ffi%xmi <o^4 ifs«B i tmmz 

ftZntZZtl^X, ^^U^^a-yHO-SiV^llO 
-15lt t»»"C*2 0^*y 9>f1fX«B 2 

[0 0 3 8] Sfc, HO^^yy^fSSBlCJo^ 

0- 7^Hfir$tt^75^ ^20^^y 7^fIfiB2|: 

110-1 5^^**tS 0 

[0 0 3 9] i2[^tJ:9^ ^>^Cllt 
^S1SB B_bC0^ y=iyhD-7io 0 fr^CD? a y 
^ (CLK)|f ^ T • > Kff ^-*5J:t/*#ii* 

Kico^^ey 7>fifS«B l l^filtS 
fc^^>^c:K^te>i^TV^5o JR l ^^^y 7-TifS^B l ± 
las, 3*^?ciio»^5), ^p^ssi, r 

Kl/^ • Ki»S 2*3^1/^— 3^®^ ^ 

tl-Ztlfc* m&i, ^!l^a-;H0-l4^Ll0 

i^b. ^^y^.^^m ^d^ssi, 

7K^ • K»S 2^i:^-7^— ^^S 3(Dggg| 

[0 0 4 0] S«Sl3Rffl3*^>C3tt, il^03^^ 

^:V^^i % ^—^U^F PC (Flexible Printed Circuit) 
coi 5l-W«ttSrt>oTV^-C *VM4, —Ji<D* 

*v 74V&&<ofti®\cm&&&titiF pet* t&%<D 
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[00 4 1 ] i2^^y 5-f1f*«±^tt, S 

*ta s * im#: x ^y o-s&^ui o-i 

p y^j»S 1, T KI/^ • KJftS 2&£XJy*—5 

1ft S 3 Bff»L<4ot^5. 
[0 0 4 2] SlO>^y 7>f1fSffiB lte*5V* 

=**#c i £a>«j&a»&jj§i«* o y^»s i 
li, ^*y^a-;n o- l^&mi^ #>^y^ 

^-/u£rfio-c, HKSKWa^^C 3 i©»*tt 
i§tfTV^5 0 T Kl/^ • =i-r> KIRS 2*5<tt/»5i^ffl 
3 ^!l^a-;H0-l(:g 

[0 0 4 3] »2(0^*y7>ffSfiB2|:fc^T, 3 

^-y^ya.-/H 0-94^11 0 - 1 5fc. W&ttift 

5 a S#iA^.fflx-^as 3 ^^ey^- 
/H0-84^ll0-15^ «&»tt£;h,fc«. IK 
2©3^^^C2tc0gMtgt5tl^ o Sfc % T K 
. ^ -v- V S 2fl~ «y^^-/n 0~8# 
v^Li o- i 5^M)fcttK$jxfc{|. Se£*MB£*lt^ 

[004 4] g20^4^^C2lt ^ojy^iRSlt 
(§c^ffiL/3) r-^lS 3 iSrgtfAHSo 
03^^^C2^lt, ^ n -/^ (CLK){f^J:l>V 

^-y — A^bK^HJSixfcf**- ^^y^> 
hp-7iooi^x:e)^i5(:ioTi/^o tete, 
JB2\cts^x. 9>f1fS«B 2 km2<D=**#* 

C2t<DWl\a^ tfr QfeZtitifzi l&xx*?* 

— *j&S 3^fiS^tLTV^5^, H&lictt, r*i&0>|Hfc 

[0 0 4 5] ;l<z> «fc 9 ic, ^^y^^a^/no-l/j: 
^110-15^, ^Py^iSSl, 7K^ov 
> K8S 2isJ:r*r--*j8fts 3 0>BJftllU¥« S»ft*?± 

[oo46] rcoi 9cw$tif:y-^^ ci y^mm 
S^^y^f^^icof, aTtcttw-*-*. ^gg 
ten, ^ * y *^a^n:«ft$nt d r amw^ * y 

7*ir*<Z)*>r^ >^i^jo^T. RAS (Row Address 
Strobe) „ CAS (Column Address Strobe) , CS (C 
hip Select) & £<DfflW{§ ^(D fr >X}S <fc XI? 4 * 



(8) 1 0- 1 7 7 4 2 7 
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[0 0 4 7] Mtl^O^ ^ y ^ i/^-yU^D R AMCr 
— i"*^*>, =7 4 V m *T — & (write 

jy^jftS 1 &J:t>*7 Ku* - Klfts 2 Sr/Bv^T, 

Izft LT7 Ki^icirs/ h7 3 '/^^^4S^: 
10 fi, ^*7ir S /h<!:LT > ^c^^(m7KMI§i: 

[0 0 4 8] ^^y^>hp-7l00ll 7* 

^SWas&fffcW^Ktt* ^t^h^tt, ^p^ 
ft * t t*- * t ©IWteCMiSfrKtf T:fc < . 

[0049] ^^y 3^ 1 o oa>£>i£tU£*x*: 

20 C 1 £r;/h lt % S*£B 1 ±cr>Kj& p ;y*j8|S 1, r 
• k»S 2:fcJ:tf<7 :f --^s 3) £^1® 

[0 0 5 0] fiHx4»0;< *y ;K7)DRAM^P) 

ir-**m^m-tm&, y-K-x-^w 

d-data)<7)^^(C ^-7 1 0 0^^ 

30 n -y^^S 1 ioi^r S 2 ^ffll^, ^P^^ff 

[0 0 5 1] >[f)St5> ^ y ^ei/a-zHfODR AM^ 

— ^ (DRAM) ^^P2/^(CLK){f^5A*$ixT^ 
T?1:Xti?mac&&X**>Z> 0 —mz^ lOOMhzT* 

4nsft^ll0nst'fc5 a T^irX^Tacfc 
40 [0 0 5 2] ^^y^ya-/H0-l^>L.10-7 

^fsrjxd^baia^tLfc^— 7-^s3^i(; 

SKS!«ffl3*^.C3S:gt, £Z>\cm2(D**:}) 7 
41fmfcB 2£WMLtz.mz=i*? ?c 2C1U ^^e 
y ^^i- /H 0-8^V^L 10-1 5<D{*Iti7b*frt>i£ 
ttiZtitz'r — fn, y^—?ms 3 £i!oT. =i^^^c 
2t^iti-^ 0 $btc N -r-^fi. 3^^c2§rigT, 
^^ty^wH 0 0(Dy- Kt'— ^A^SB^Data/R 
ead^^i"5 0 ftSttt^fi. ^^y^e^a-zuo 

50 Lt, ^^y^e^^-yHOO^y^ hr-^ffirDa 
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ta/WritefCtPJig-r^,^. ~ ft by*—? fi^SWl-^S 
[0 0 5 3] *^V*it^—/ls<nftftfrfrbmiti£titz 

y*—$ (y — Kf- ^ ^ y ^ > ioo 

n ty^HS 1 5r^-T£^ a y ? m^J&^teT • ^ 

KfH-^S 2^f57 Ku^ff^-ir. r^SS3 

[0 0 5 4] ^^ey ^^iffi^B lj£lM*B 2 

(r N >^y^^^-/u^ ltfc/c^t^^nTV^5^ 
y =i> 1 0 0 OCLKINi^T-^M^ ^ c? s/^ff 

-^-^ffl^T, y- K^-^^^ mmztix 

i^^y ^rv^— /ui ooo#^{- i^^iiig^o 

^> i o ocoy — k^— ^cD^-r ^ >->/ia:n-£ 

k -t s w t & fg t * s o 
[0055] ^mm<omm\cm^x^.±^i,tz^ oic 

y-xf u y^mm^^rV is*"rJ±*ffij&-f% 1\ tic 
A^{^^nrtg^^ ^ y o^fi^rif ^r^it5 r t 
[0 0 5 6] ^ 1 <DWfo<OT&m\Z-fri>*Z>s<X9 a 

M^^ey v^-r aui^^t. /^-y/^^y^7x 

— ^ (C S S T L (Stub Series Terminated Logic) Srffl 
Sr**^**^, 7K^^©SPICEi/;al/ 
[0 0 5 7] EI3{C:fc^T, aaS^tt^-^y =V hn — 

7 (s) . i#g^^^y ^v^— /n o- 
o^^-y tfy (b i) x S9#i^*y*s; a -/i/ 
i o-8^*y t°> (b9) &£x*mi 6Sio^^e 

y /H 0-1 5-^^!it°> (bl6) "Cife 

£<> *3h/Pft©jfe-c^jSJBfl^ v(SK v(bi), v 

(b9)fcit;v(bl6)i:iotV^5 0 H 3 5 



(9) 10-177427 
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-C*>£5o {RJHft (SI. S2t^ 

[0 0 5 8] ititf, fi*oj(jfi|:^^ 

(^2^^y7^ if ««Sr*«-r 3 r i a* ^ m t fz 
io *k "£<n&^ lo^^y '<*fc««^flB***3* 

[0 0 5 9] 2 ^HJBS^ffitr^^^ 

T*fc5 0 I35{C^I>"C. H 2 f^-T^^e y v-^^A(DfB] 

^)^^y ^rA^^lij:, HI l <Dh<Dt\*\—X&>%> 0 
[0 0 6 0] m 2 {"7F"t~ J: 9 rcoy— n ^^[sl 
20 )«S^y^fAlt ^P^SSUi, 7KU^ 
S2iB»:, gio^^y l, SfiStt 

^^^^C2iCM^>r<t^<. «E^»J»UT-V^5^ 

TV^ e S/c. rcO^CO^tSf-jo^T. DRAM©/ 

30 [0 0 6 1] Z.<D& ?\Z.ffil&£ti1ty— n ytmM 
ftv^i-o-l -S^fBrtL^^cx— ^Sr*#5itf«^^f^ 

0-1 5 0(srix*^e>'r— ^ Sr8?^W-r*^of^l6(co 
[0062] rcDJg^tcfc. ^y^> 

1 0 Ofi, ^n^^SS lte£XfT Kl>^S 2^; 
40 y & ^ -/KC ^ P y Z (CLK) ff ^ At) $ fix a» b . 

to 0 6 3] ^^y^^-/H0-l/^Ll0-7 

y yu 10-8/cCV^LlO-l 5<^fpTtt*^P>ai 

2(Cii-T5o ^ bfC. ^-^{i N =»^^^C2^gT > 
50 ^^y^^a-/H 0 0©y — K^— ^A^ffi^-Data/R 
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[0 0 6 4] mSfcLtcX DRAM(Z)7n^^ 

-7100(O^p y 9.<Dffl&%C<Dmi%&& 5 </ MtP&^Sfc 

1 <tft££ 7K13:£2*LT^S 0 Ufc^oT, 
y ^ ^ h d 7 1 0 OOp'SpiS^ p ;y^£rffli/ A "C>, y — K 
7* ~ 9 A^iffi^Data/Read^gJig L/cy^— ^^7'7 ^"t* 

^^li^vh p — -7 l 0 O^p^gp^ p y^lrfflv^l^ 

ot% ^^y^tHL (^^yy-K) <£>a^ 

-7 1 0 0 rt©^ p y ^»ia»*^*tt i ft 9 , J*3f^ 

*<0SJEtt*:J: 9**^3 rtaWfBt ft 
[0 0 6 6] ftttl, H6*#RRLT. *3&^<£>m 3 

Jfiojgffi^^^ y—*9 p 7^P»l5t^^-y v-^^a 
fco#|ftKS:»Dx.5o IH6M:fc^T. H 2 4: f§] £fl|j£«p 

[0 0 6 7] @6 «fc 5 fc, ~<Dmt&<DMWi^frfr 

&y — X? v y^mm^^t 1 ) i/X7rJ*<D, ^^^9C 

SiKffl3-*^^c 3fi, m2<DM)&(Ditm<vi><Dkm— 

X&>Z> 0 *\ h o — 7 1 0 0Kf* x 7* 

— * ttl ST-Data/Wr i te*5 «t tfx - * A^ MS ^Data/Rea 

#g^-) Data^SKJtbixTl^o ^^>{-s ^ISBB 
kite, ^AW^S^Data^, ^,^ci0r-^ 

tztb<DX<<( y^SWOri^ttbix-CV^o -Tft;b^ rco 
HJ6^?Kffi^*5i^T(i, 7>f ht>f^yui:y-Kt^^ 
^k<Dffix-x-< y^SW0*®V&^Z^t*W®Lt It 

[0 0 6 8] *>T s/^SWOtt, FET (S#Mlh7 

Wft*^^) Srffli^Tfc Ji^r tlWb^TfcSo J: 
*fl20fc»K. 0. iHTt*5. ft*s. Httte.' 

y /U 10-1 ftV>L 1 0-1 5(D{»Itlfrfr%Wt 

^tu^tiTtx-^fi, Sc^ttjL^B* (y — Kg*) a> 

b3 0ns^iISt6o wCOgjg^OFBl^. 7<^-y 



(10) »fj|?l 0- 1 7 7 4 2 7 
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jta*oT, ^^fyfsffooMx.ft 9 VT4$frte9 
-r s^-cttftir*. r©«t5i:***hfcy-^^py 
^I^S^^ey v^T-At^^T, ^^ey^^-/n 

, 0- 14^110- 1 5 (Dfttlfr\C7*—?$;^£iAttm 
S/^SW1 7*— ^AW^ffl^Dataira* 
l(Or-^S 3 £ &mm-fZ> <fc 7 CgJl&it, 

^^y =*> 7 1 0 0 7^bi£fcH£*Wc:^ p y9 

Lt\ S4£B UtOgB^ (^p y^j»s 1, T • 
nvyKSS2fc<tt;7 f -^S3) Srfi*U 

hm^^ 0 ^*UcJ;«9. ffife<D* ^ey ^ev^ — /Me. 

20 [0 0 6 9] t<D—^^ ffitlfrwy^D^rit^—ylsfrb 

y*-9 &m&m-tm&i-iL y^-v ^> i o o 

(i, * p y9US 1 *5it/T S 2M N 9*y9{% 

^SWO^, 7 f —9Amt)1&?-Datat=**9 9C 2 co^- 
^^S 3 t*mm-fZ> X 5l:ffl»i5o ftfc\ 

^{'ii, ^ p vtm^&ifT Y^^m^(omm\^9ttL 

y^-v^xL-yu^^ n 5,^ (CLK)fS-g-^A***tT^6. 
T^ir^^raTacfc^SiaUfc&Jc.- 7^-^fi, ^-ey 

[0 0 7 0] ^^y^-^a-yH 0-lftV^Ll 0-7 
o WtLsft^^ b aSffl &ft fcv* - * 14, 7 s - ^ «ft S 3 *5 J; 

^^y^v 1 ^- ;H 0-8ftV>Ul 0-1 SOfsjtt 
^^^C2|:If5 0 ^btC. =n^^^C2 
AtH^SS^Data^ii-rSo 

40 [0071] &3<Dmm<omm\z&\,^xb. m2<Dmm 
(ommtnm^, DRAM^r^t^^^^, gfi^e 

JRilJS^J:^^— 75^ ^^E-y ^> hp — 7 l 0 0(7) 
^ p 7 ^ ^^^S:^B&f&^cfe5 v^f4B&«»5>o l t ft -5 
J: 9 (C^^^ixTV^5 0 Lfc^oT, y^y^^hP — 
7 1 0 0 D >y ^ SrfflV^. AW/jffl^-DatalCSI 

ii/cT-^z)\ ^^y=i>hD-7 i ooia^77 

[0 0 7 2] r.(0^ffiO^Jg(Cj:tLl^ ^y^y^n. 
— 7 l 0 0 ©7-^<I^Sf SrB-^lctS i i 
50 #^> 0 fci:x.tf, f-^^8^M h(byte)(D®^iC, 
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icmrtZb^ ^^ynyhD^yiooCIt 12 8* 

h n — 5 l O Oi~ 

ry^SW 1 cDHWf ^-fflco 1 #co«^ iras&tUiJS 9 5 0 

-7 l 0 0^)3^ hSr/h* <t5li^So fc*3, 

rsk l s i /<y*r— itom&fmW)/ ^xt*ofFgit* 

»*5fffc5^ QFP^PGAC^^ iiSm 
[0 0 7 3] gJ7 3r#fgLT. #«9l0>fB4 £>H 

[0 0 7 4] 0 7K*5V*T, H l*5j:t/H6 tl^CWfie 
^rA©m @2ll:/TttlE3l5<OtOi|^iti) 

7 10 OKf*. 7 f -r^ffl^«B^Data/Write*5«J:t/7 ? — ^ 

tlTl^o -y^-SWOtt. m3(DMm<DM1&<Di><Dk 

Ji, 0^e>O©JWf^-i-Lfc755 
oT. ^SffiB BiiCO^^- y n> hP-7 10 0(7) 

^-^AttS^iffl-lFData^, ^-*<Di£jfKT*fcS^-* 

»(S3-T) rtv^fi^-^oWiBK-C**^-^* 

(S3-r) <Dftfifrt*mm.-rz> 0 

[0 0 7 5] $ift, 3^^^C0(t ^Py^JlL T K 

[0076] r^m^i^M^ a > y ?m 
mmzitm-tZo ^^y^-/n o- 1 

fi x ^-r^^SWOSr, "7* — ^ AtB^j5S^-Data £ "7* — ^ i£ 

m&x-3bZT-*ms 3-Tt ^g^-rs £ 5 ksi&x. 

T, ^^yFp-7l00^P)^Pi/^SSl N T 
K^S2fcii;7 f --^fiS3S:ffll^ ^u^ff 



(H) WMffl^Pl 0- 1 7 7 4 2 7 

20 

^^VFd-710 0 fremiti Ztlft? Xi y?{g 

7K^'3-7yKiS2fc«);(;f^SS3) 
[0 0 7 7] ;fr N ffithfrCD^^y^i/^—sUfrb 

y—f&wtJt-m-t-m&ia^ ^> ha — ? 1 o o 

10 te N ^B7^8sij3j:V7Ki/^S2l:, ^n^ff 
^-SW0£. -r-^Aa^BS^DatailSitKOx-^as 

/Hc^ u y# (cLK) ff^A^j$nT^e>, t>> 

ir^^BgTac^JtSigLTt^^, 7*— *fi % ^y-^v? 
[0 0 7 8] ^^y^^-;H0-l^^Ll0-l 

20 s^fsrtt^^aiasttfcv*— 7-«s3-r 

^ST> > * !l 1 0 0 OAB/JS^ DatalcS 

[0079] *mm<Dj&miz±ti&* ^ikbb^ 
^^y 7>ffi«B o i fc««tsfcft03^ 

[0080] fc^x.^ wy^^a-zn o-oftv> 

110-15 CD^r — * (©a* 8 /<W h (byte) <£>4§4lvx t£ 

ft ^7 > Kfc°^ltSr2 : lit5<t % 6 4W7 
fi> ^fhT'l 9 2*<Dt 0 >^^ < ^^ oT ^ / ^fc 0 

[00 8 1] ^fc, *3<Ollffi(0^fBi:ra«^, ^^ey 
= > Fp-7 l 0 0O«^-»S:HiJ«-t-a * t^pjtBt* 

So 

[0 0 8 2] ^iC. HI 8 Sr#RB It, *&W(D%$ 5 (O^ 

Tfi, ISO^ ^ y * v^a-;i/ 1 0 Lfc> * y 7 

^1fS«B l*5J:tfB2fcitfSfi»«ffl3*^?C3 
^6«fiKSix5j|a (^-^^/ h) ^2oE^tT, i o 

50 So @8iOTtJ:5(-, 5g i con. - y hU 1 li x 8 o<D 
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ftBl-l, S^xD^^V ^v*^ — y h i o £SS 

-1. C2-2, *5j:tf. I«S«ffl3^?C3-l 
S:fiit^5o H8^*JU^Ttt. "r — ^ms 3 (D 

*«r*5W*H;:*L. 3 f^^EPf^ y*-?<D 

[0 0 8 3] 0 9 roUffioBSJ-^^y— J^^ 
p y ^ i^sia^ * y AoM**t^p ypy^ 

^^y^^fSffiBl, B2. =***C 1, C 2*5J; 
Sft-fT^fe* S20^^ hU2(^3*^^C 1-1 

u i^)^^c i - 1 tcmmztiz ct 5 ctotfc 

y a v ho — 7(^)7- ^A^^^Data/ReactfoJ;*/^ D 

[0 0 8 4] H8*5i:t/B9^bSi!|-e#-5<t ;* 
^ynyhp^7l 00HW^n 7 ^S If*, fg 1 
hu l 1 - 1 SrrfrLT, ^1©^ 

7-fifS«B 1 - 1 KigU ^y^a-;H0 

-oii^Lio-7i iW»:*j|«**t, ftv^-c, 

g^B 2 - 1 digL. ^^li^^/HO-Sl/i.^ 
LI 0- 1 5 1 tMfc&mZtlT* =**??C2-1\Z 
m-fZo ^^8S1I4, 12(Z)3^>^^C 27)^ib-< 
— *£tEBB±S:5itf-C\ $2(7)^^U2^)=i^^ 

^ci-2^ir, iiw^y 7-rifstSB 1 -2 

(-it LT, ^y^^-yHO-02^^10-7 

ftjRffl3*^^C3-2S:^Lt, ^2<z>>^ey 7>fif 
SSB2-2MigL. y : ey^i/a^no-8 2i^ 
Ll 0- 1 5 2 irMl^^^ttT. =^^C2-2C 

hD-7l00^)^P :y ^A^^CLKINi^5 0 
[0 0 8 5] ^^l)3yhD-7l00)!)^(?)7K^^ 
• = KlftS 2*5j;U^-*j8|S 3 t>. ^ p shifts 
1 i»l^a^EBS*tTV^^ 0 7K^3-7VK«S2 
lC»2©a=y hU2^>l2^)^^y ^VlfStEB 2 
-2fC^oVNT, ^ ; ty^v ; a-;HO-8 2^llO 
-1 5 2 tWftffiRSix, «E-fr»JBLTV^. 
tets, Ctbbff^SU S 2*J±t/S 3tt, ffiSLfc:, 

Ul^ 0 



(12) «PBB*Pl 0- 1 7 7 4 2 7 
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[0086] ~<d£ b\z.mf&ztitz.v—** p ??mm 

t-T*— ^SrS^&tpS^fi. ^!)3y l 0 

0ti\ p y?%kS Xts&XfT • Kffis 2 

SrflH^T, ^Py^ft-^*5«t^T KW*«»«r % 

*§3^li, ^i?* h£ LT, Wvt[%^bTY\s** 

s 1 <Dmm<Djtm t mmx& s 0 

[0 0 8 7] ^^-y ^> h p — 7 1 0 O^^i^ai^tLfc 

S^B 1 - 1 ±<DMB (^n^iSl, 7KU7 0 
Ki»S 2*5«ttr7 f —^j»s 3) SrfiHSL, &l^T% 

20 KB. 2- 1 JLtf>Ei»S:e»L-t\ 3^«2-ll:i 

3-x 7 hU2^n^^^ci-2^Lt v ^y^ 

ifSfiBi-2±©B»sre*LT, £e>K, mmmm 

m = *??C 3-2Sr^L-C, y ifS«B 2 - 
2_bc^>id^^eSS-r5o fc*5* #fS^Ay*±, B&H3LK 

S! 1 <7)^-^:y hU 1 &J:Tfm2<D=L—y f>U 2 <7># 
30 JgirlsHU^. ^fS(D^^ey ^e^^— /kodramct- 

[0 0 8 8] fpjn^^^^y ^v^a- /KODR A 

^p y^m^ct^r Ku^fi^^ H^^a^js 

©3^?C1-1, C3-1. C2-l % Cl-2, 
C3-2^tt, ^-=ey ^^1fS«B 1 - 1 x B2- 
1. Bl-2; B2-2(0(ffS$:«t5 0 
40 [0 0 8 9] ^tS^^ey^^a-zUf^DRAM^ 
by*— fit. 1? * v?iM^&Atl£tlXfr<bT?±xm 

6^tC 3^^^C2-2^tT, «y3yhP-7 
1 0 O^x^^A^l^pata/Read^jSt-^o ^fc, ^ 
P 5/ ^ S^r'ti^L^^o^^ ft # fc s n^^^C2 
^ -2^tt, ^^y =i> hP — P^^A^lffi^- 
CLKIN{Cig-T5o 
[0 0 9 0] Lfc^oT. ^ p y ^ A^MS^F-CLKIN^^ 

50 y7-tZ>^b&X'£Z> 0 
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[0 0 9 1 ] *SM6<0«»^«t*ttf. J^Vy^^m 

*«ftJ^ = ***ftiffc:J:S#=3> Y*mmV 
Z^tl^XV, ;*^y v^^AcDl^v^/c^tfM^e 

y*^k— /uosc, -t-ft*>*>* ^y^s^. £6 Kit 

<k ft*. 
[0 0 9 2] ft*5, r • = K»*5 

±t/^— #*^e«IIK***< ftSfc*, ff^&^ft 

tc, -Tft;b*>. ^!i^>Fo-7i 0 0 rt> <b coft -^s 

-y^SWl*5j;t*SW2 2SrfflV>T, 
*S«:ii<, SS^t^figft^-^fiSriflif 

y— * fuy? mwii&z. t& i <t>^~ ^huit 

k<7)£|5]— T*£>£ 0 -Tft£>*>, gl^yhuilt 

1-1. B2-1, a^#Cl-l, C2-l*5±tf 
«tffl^^^^C3 - 1 S*U |2^x 

^U2lt, J^V 5>T1fa«B 1-2 X B2-2, a 
^^Cl-2, C2-2*5j:UKStEftjttffl=i*^*C 

3-2^e>«J«Six5o *fc* ^SgBB^Ii, X 
<< >y^*SWi^o c i:t) ? SW2^^{t^ixT\/^ 0 Bill! r. 
(7)M^1C/!)^^ ^f^Of- ^iSSS 3<D 

y i/X*rJ*<D? a s/^lfcfcitfT • ^> KISS 

2cD^^7j^-r^n y$#4W*7 At^5 0 ll 1{: 

t(D-jj^ mi 2«c^v^r, sax 

[0 0 9 3] H.i o*3«tt/ia i l K^t"«fc 5 k; ^ 
p — 5 1 0 OCO^— ^W^K^Bata/Write^bOSi^ 

<WO»iBK-C&57 f --*j|S 3-1 R*VMi« 2 
* KOfflKOJSfflK-CfcS^— 3-2 R<D<»JtLfr— 
^^-y 1 0 0(Z)T-^AM^Data 

/Read— Ot*— *%khW:Wt1rZ> 0 ^ihh^-f s/^-swifc 

[0 0 9 4] ^^y^-SWlli, ^^y^SWl^b^^^ 



(13) #BH¥l 0- 1 7 7 4 2 7 
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"^Cl-lS-eiitfSr-^ftSi:, *-f;y^SWi 
ft<5 J: 9 WEH£*u ^o. :y^SW2te, ^ 

^^^c 2 - i ^e>^>r y^swi it-or-^8^s$ 

10 [00 9 5] ^ bfr. HI 1 2^^-TJ: SffiBBt:: 

W,\<T>=*-- V hu 1»7 KU* • 3-^> KjftS 2 
- l^V^i^2co^.^-/ hU 2m<OT KU^ • K 
j&S 2-2(7){pItt^-i:^-r5y u c46c7)^-r y«W3**K 
#&*X"0*5 0 r(7)^^^^-SW3t % ^^eU^yhn- 

1 - 1 *-C3§r*3T Kl^* • = KSog^ % ^-r 
^^SW3^-b^^^^C 1 - 2tiT~mtJZT • 3 

20 ^> KSog $ £ tfSB&f? L < ft 5 <t 5 KIEK £ *i 5 <Dri* 

• ^-^^ Ki»Oie»fi36S«U< fttK ^ 

^Ii3y 1 0 0 (OW> 1 a s/^ffl^FCLK— 

/Uffi^^ 13 -/^^S 1-1 ^^.XL^tt, J2^^a;/^ 
ffiT-CLK- 2*l><bte. l2^^7hU2Clf^^^ 
y /UfflCO^ D shifts 1 - 2 3ftS4-^e,jxTV^ 

5 0 si 1 2tr*-r-j: 5«-, r <Dmm<Dmm\^^x\^ 

30 -OCO^-^ -x h <D*tl^1n\^ ?u y ? SST-CLK- 1 *J 

[0 0 9 6] r^^!S^S^{-^v^Tt>, ^^ey=i>h 
p— ^^b^-^^y ^^a— /u^r^. ^ps^ssl r 

40 [0097] rfio«t 5^«^$tL^y— p *y?mm 

«[, SiJWft^SrtU^bT. ^^^/^SW1 N SW2*3ctt^SW 

iom x-^aic. !&sft«#^isws*t5. cix 

50 i&VMi. iS^^^y^e^- 
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[0 0 9 8] Z<D—Jjs m 2 CQn. - 7 hU2 t^3;*t,S 
^y ^>fa-;M:f- J&^fi, gc^m 
t-»^{-ti. s/^swi % sw2*5«fcO f SW3£. ^^ey 

[0 0 9 91 r.^^lfi<z>«?Sg^j:tLtf. >^ey^yhD 
[oioo] r^*tt©»»c±*ui* ^t^f. 
[oioi] ^-r 5 >^tejfe«*«fc*tff, r'Ku 

[0102] ^d^S1-1, S2-2 ^r^H 
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